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Description 

The present invention relates to a magnetic reso- 
nance, imaging apparatus employing nuclear magnetic 
resonance (NMR) phencnrienaand, more particularly, to 
a magnetic resonance imaging apparatus with an im- 
proved radio-frequency shielding body. 

The nuclear magnetic resonance is a phenomenon 
in which atomic nuclei placed in magnetic fields absorb 
electromagnetic energy at specific frequencies and then 
emit the energy as electromagnetic waves, A diagnostic 
apparatus employing the phenomenon senses electro- 
magnetic waves emitted by the atomic nuclei, protons 
in particular, and processes received signals to obtain 
diagnostic infomiatlon of a subject under examination, 
such as a tomographic image, which contains the atom- 
ic nucleus density (the proton density in particular), the 
longitudinal spin-lattice relaxation time T1. the transver- 
sal spin-lattice relaxation time T2, flow, chemical shifts 
and so on. 

The magnetic resonance imaging apparatus for ob- 
taining cross-sectional NMR images of a subject under 
examination is provided with gradient magnetic field 
forming coils for forming gradient magnetic fields which 
sen^e to obtain position information of a body portion in 
which magnetic resonance signals are induced and a 
radio-frequency coil responsive to application of a radio- 
frequency pulse thereto for radiating a radio-frequency 
magnetic field sending to induce the magnetic reso- 
nance signals In the body portion and detecting the in- 
duced magnetic resonance signals. Between the gradi- 
ent magnetic field forming coils and the radio-frequency 
coil is disposed a radio-frequency shielding body for in- 
terrupting electromagnetic coupling between the gradi- 
ent magnetic field fomning coils and the radio-frequency 
coil due to the radio-f requericy pulse applied to the ra- 
dio-frequency coil. 

The radio-frequency shielding body is generally 
fonned of metallic toll made of a good conductor such 
as copper. However, eddy currents will be induced In the 
surface of the radio-frequency shielding body by time- 
varying gradient rnagnetic fields formed by the gradient 
magnetic field forming coils. A problem arises due to the 
eddy currents in that the rising and falling characteristics 
of the gradient magnetic fields are deteriorated. As a re- 
sult, resulting cross-eectionai NMR images will have 
poor quality. 

In orderto solve the problem with the radio-frequen- 
cy shielding body, an approach has been proposed in 
Japanese Unexamined Patent Publication No. 
60-177249 according to which a metallic foil consisting 
of first and second conductive regions separated by a 
relatively narrow nonconductlve region, such as a slit, 
is used to form the radio^requency shielding body. 

Other techniques have been proposed in Japanese 
Unexamined Patent Publication No. 62-334. That is to 
say, a metal cylinder, which fonm a radio-frequency 
shielding body, is provided with a lengthwise slit so as 



to decrease eddy currents by confining them locally, or 
a metal cylinder is formed of plural pieces of metallic foil 
connected by insulating materials or dielectric materials 
so as to reduce impedance of a radio-frequency shield- 
5 ing body to a radio-frequency pulse and to thereby re- 
duce undesirable electromagnetic coupling between the 
gradient magnetic field coils and the radio-frequency 
coil. 

However, such a radio-frequency shielding body is 
10 complex in structure and costly because of the provision 
of the metallic foil with a slit or interposition of a insulat- 
ing material or dielectric material between pieces of me- 
tallic foil,. 

According to still another proposal in .jflpangfffl i in- 
15 examined Par ^'ntP'ihlr^tinn Mn fia:9gnfi54. the radlo- 
frequency shielding body is fomned of a metal cylinder 
made or cooper Toil havino ath i^knft-«tf8 "Qt less than the 
skin depth. The skin depth is the depth in the direction 
to the center of the cylinder at which the amplitude of 
20 electromagnetic waves decays to 1/e (e= 2.71 8.., the 
base of the natural logarithm). More specifically, when 
electromagnetic waves with the Larmor frequency of 
protons penetrate into a cylinder made of some metal 
by a depth of 6 In the direction to the center of the cyl- 
25 inder, if the amplitude of all the electromagnetic waves 
decays to 1/e at the depth $, then the skin depth is de- 
fined as 5. 

In the case of a radio-frequency shielding body with 
a thickness less than the skin depth, the time constant 

30 of eddy cun-ents can be made small so that the time it 
takes for eddy currents to dissipate is effectively short- 
ened. However, the technique disclosed in the Publica- 
tion, which is directed to a radto-frequency shielding 
body made of a metal cylinder, implies that it is impos- 

35 sible to make a radio-frequency shielding body having 
a thickness less than the skin depth. 

As described above, the conventional radio-fre- 
quency shielding bodies are complex in structure and. 
costly. 

40 EP-A-0 151 726 discloses a magnetic resonance 
image apparatus wherein the radio-frequency shielding 
body, between the gradient coil and the radioi-f requency 
coil is formed of a relatively thick material wherein the 
thickness of the dielectrk? material alone (without the ad- 

4S ditionalthicknessofthecovering. electrically conductive 
material) is already approximately 10Q-;to 200 ^m. 
Hence, the total thickness of the shielding body made 
up of such a structure, has a total thickness of several 
skin depths. The electrwally conductive layers covering 

50 the dielectric base material are patterned so as to hi- 
prove the coil performance. 

JP-A-1 -259848 disck>ses a magnetic resonance 
imaging apparatus comprisirig a radio-frequency shield- 
ing body being arranged between the radio-frequency 

ss coil means and the gradient magnetic fiekj generating 
coll. The radkj-frequency shield member comprises a 
plurality of electrically conductive strips being arranged 
in an at least partly overlapping relationship, and a plu- 
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rality of non-conductor strips sandwiched between each 
two adjacent conductive strips. The conductor strips and 
the non-conductor strips may have a thickness from 10 
|im to 100 \im. Due to the stacking and overlapping ar- 
rangement, the total thickness of the shielding body is 5 
significantly greater than this strip thickness (compare 
Fig, 4). 

it is therefore an object of the present inventksn to 
provide a magnetic resonance imaging apparatus whicti ' 
is provided with a radio-frequency shielding body which 
is sirinple in construction and sufficiently interrupts elec- 
tromagnetic coupling between gradient magnetic field 
forming coils and a radio-frequency coil due to a radio- 
frequency pulse applied to the radio-frequency coil so 
as not to deteriorate the rising and f ailing characteristics is 
of gradient magnetic fields. 

The object of the present invention is attained by a 
magnetb resonance imaging apparatus In accordance 
with claim 1 . 

With the magnetic resonance Imaging apparatus of 
the present invention, since the radio-frequency shield- 
ing body is formed of a condu ctive material having a 
thickness less than ^/Jnlo]^a, the time constant of ed- 
dy currents induced in the surface of the radio-frequency 
shielding body in accordance with variations in the gra- 
dient magnetic fields with time can be made small and 
thus the eddy currents decay quickly. As a. result, the 
rising and falling characteristics of the gradient magnetic 
fields will become abaipt, whereby good tomographic 
images are obtained. More specifically, the time con- 
stant of the eddy currents induced in the radio-frequency 
shielding body is in inverse proportion to the resistance 
of the radb^requency shielding body, while the resist- 
ance is in proportion to the thickness of the radio-fre- 
quency shielding body. Therefore, the time constant of 
the eddy currents can be made small by decreasing the 
thickness of the radiofrequency shielding body. 

The radio-frequency shielding body may have a 
shape similar to that of the gradient rrtagnetic field gen- 
erating coil means. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in whk:h: 

Fig. 1 is a diagrammatic representatbn of a mag- 
netic resonance imaging apparatus of the present 
Invention; 

Fig. 2 is a cross-sectional view illustrating a radio- 
frequency shielding coil of the present invention; 
Fig. 3 is a sectional view taken along the tine Ill-Ill so 
of Fig. 2; 

Fig. 4 is a sectional view of a radio-frequency shield- 
ing body according to another embodiment of the 
present invention; and 

Fig. 5 is a sectbnal view of a radio-frequency shield- ss 
ing body according to still another embodiment of 
the present Invention. . 



Hereinafter the embodiments of the present inven- 
tion will be described with reference to the drawings. Fig. 
1 is a grammaticat representation of a nuclear magnetic 
resonance irnaging apparatus embodying the present 
invention. . 

As illustrated in Fig. 1 . the magnetic resonance im- 
aging apparatus, which is generally indicated at 10. in- 
cludes gradient magnetic field forming coils 1 2 for form- 
ing gradient magnetic fiekJs adapted to acquire infonma- 
tton on the positbn of a body portion of a subject under 
examination 100 in which magnetic resonance signals 
are Induced and a radio-frequency coil 1 3 responsive to 
applicatfon of a radio-frequency pulse thereto for radi- 
ating to. the subject a radio-frequency magnetic field 
adapted to induce the magnetic resonance signals and 
for detecting the induced magnetic resonance signals, - 
IVIore specifically, with the lengthwise axis of the subject 
under examination 1 00 taken as the Z axis and the axes 
orthogonal to the Z axis taken as the X and Y axes, the 
gradient magnetic field forming coils 12 connprise a X- 
axis gradient magnetic field forming coil 1 2a for forming 
a gradient magnetic field in the X-axis direction, a Y-axis 
gradient magnetic field forming coil 12b for forming a 
gradient magnetic field in the Y-axis directbn and a Z- 
axis gradient magnetic field forming coil 12c for forming 
a gradient magnetic field in the Z-axis direction. The gra- 
dient magnetic field fomiing coils 12a, 12b and 12c are 
connected to an X-axis gradient magnetic field power 
supply 1 4a, a Y-axis gradient magnetic field power sup- 
ply 1 4b and a Z-axis gradient magnetic field power sup* 
ply 1 4c, respectively. The radio-frequency coil 1 3 is con- 
nected to a transmit circuit system 15 and a receive cir- 
cuit system 16. 

The apparatus 10 is further provided with a se- 
quencer 1 7 for practicing an imaging pulse sequence 
and a computer system 1 8 for controlling all of the power 
supplies 14a, 14b and 14c, the transmit circuit system 
15, the receive circuit system 16 and the sequencer and 
processing the detected NMR signals. Signals proc- 
essed by the computer system 18 are displayed on a 
display 19. The apparatus is provkled with a static mag- 
netic field forming coil (refer to Fig. 2) for applying a stat- 
ic magnetic fieW to the subject 100 in the Z-axis direction 
and a power supply (not shown) for supplying the static 
magnetic field forming coil with current as well. 

As illustrated in Fig. 2. on the inside of the gradient 
magnetic field forming coils 12 of the apparatus 10 is 
mounted a cylindrical radio-frequency shielding body 20 
adapted for interrupting electromagnetic coupling be- 
tween the gradient magnetic field forming coils 12 and 
the radio-frequency coil. 13 due to a radio-frequency 
puise applied to the radio-frequency coil 13. la Fig. 2. 
like reference numerals are used to designate coae- 
sponding parts to those in Fig. 1 . Reference numeral 21 
designates the static magnetic field coil adapted to fonm 
a static magnetic fieki along the Z-axis directksn of the 
subject 100 of Fig. 1- 

The radio-frequency shielding body 20 for use in the 
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apparatus consists of copper-plated metal which is 
about 10 Jim in thickness and formed on the surface of 
a base consisting of an organic fiber textile made of, for 
example, polyester cloth. Sin ce thej Bdiojrequeni 
shielding body 20 is thinne r^thah'the kjgtijeptR ofSo 
which is represented by 1 1 J n f ojij3L(Wnere to = 63!874 
MHz. the Lamior n^qwefwy-Ofprotons)* the rising and 
falling characteristics of the gradient magnetic field 
forming coils 1 2 will not be deteriorated. 

As illustrated in Fig. 3, the radio-frequency shielding 
body 20 consists of copper layers 20B1 and 20B2 plated 
on both sides of a base 20. This structure permits the 
radio-frequency shielding body 20 of a thickness less 
than the skin depth to be obtained. 

Besides the above embodiment, the radio-frequen- 
cy shielding body may be formed of a conductive layer 
formed on the surface of a sheet of insulating material. 
Also, an evaporated film may be used as the radio^re- 
quency shielding body: In addition, it is desirable that 
the radio-frequency shielding body 20 have a thickness 
from 5 to 1 0 fi which can be manufactured. 

Next, another embodiment of the magnetic reso- 
nance imaging apparatus of the present invention will 
be described with reference to Fig. 4. The apparatus 
shown in Fig. 4 includes a transversal magnetic field 
forming electromagnet 30 for use as the static magnetic 
field forming device. As the transversal magnetb field 
forming electromagnet 30 a desired one may be select- 
ed from among various types of electromagnets such 
as a solenoid coll type magnet, a solenokJ coil type su- 
perconducting magnet, a Helmholtz type electromag- 
net, etc. The electromagnet 30 has cylindrical space 
therein. A static magnetk; fiekJ Bo id produced in the cy- 
lindrical space. A cylindrical gradient magnetic field 
forming coil 12 Is disposed In the cylindrical space. A 
whole-body transmit and receive racfio4requency coil 31 
is disposed inside the cylindrical gradient magnetic field 
coil 12. Furthermore, a radio-frequency shielding body 
32 formed in the shape of a cylinder is disposed between 
the cylindrical gradient magnetic field coll 12 and the 
whole-body transmit and receive radio-frequency coil 
31. This radio-frequency shiekiing body 32 is. substan- 
tially the same as that illustrated in Fig. 2. 

Next,.still another embodiment.of the magnetic res- 
onance imaging apparatus of the present invention will 
be described with reference to Fig. 6. The apparatus 
shown in Fig. 5 includes a longitudinal magnetic field 
forming magnet 40 as the static magnetic field forming 
device. Asthemagnet 40 a desired one may be selected 
from among various types of magnets such as a perma- 
nentmagnet. an ordinary electromagnet, a supercon- 
ducting magnet, etc. The magnet 40 has first and sec- 
ond magnetk: poles 41 and 42 whch face each other 
and are attached to a yoke 40 A. A static magnetic field 
Bo is formed in the space between the first and second 
magnetic poles 41 and 42. A gradient magnetic field coil 
43 is disposed in the space between the f i rst and second 
nnagnette poles. A whole-body transmit and receive ra^ 



dio-frequency coil 44 is disposed inside the gradient 
magnetic field coil 43. Furthermore, a radio-frequency 
shielding body 45 formed in the shape of a cylinder is 
^^^H<disposed between the gradient rriagnetic field coil 43 
5 and the whole-body transmit and receive radio-frequen- 
cy coil 44. This radio-frequency shielding body 45 is sub- 
stantially the same as that illustrated in Fig. 2. 

As can be seen from the foregoing, according to the 
present invention, a magnetic resonance imaging appa- 
10 ratus can be provided which is provided with a radio- 
frequency shielding body that is simple in construction 
. and permits electromagnetic coupling between a gradi- 
ent magnetic field coil and a radio-frequency coil due to 
a radio-frequency pulse applied to the radio-frequency 
IS coll to be interrupted sufficiently so as not to deterbrate 
the rising and falling characteristics of gradient magnetic 
fiekls. 



20 Claims 

1 . A magnetk::. resonance imaging apparatus compris- 
ing: 

2S static magnetic field generating means (21 ) ar- 

ranged to generate a static rhagnetic field along 
the direction of a first axis; 
gradient magnetic field generating coil means 
(12; 12a, 12b, 12c) for generating gradient 

30 magnetic fields along the direction of said first 

axis and the direction of second and third axes 
orthogonal to said. first axis; 
a radio-frequency coil means (13) for transmit- 
ting or receiving electromagnetic waves from a 

3S . direction other than the direction of said first ax- 

is; and 

a radio-frequency shielding body (20. 32. 45) 
disposed between said gradient magnetic field 
generating coil means (12; 12a, 12b, 12c) and 

40 said radkD-frequency coil means (13) and hav- 

ing a thicl^ness along the directions of said sec- 
ond and third axes; said radio-frequency 
shielding body (20, 32, 45) being arranged to 
- interrupt electromagnetic coupling between 

4S said gradient magnetic fiekl generating coil 

means (12; 12a, 12b, 12c) anct^aid radio-fre- 
quency coil moans (13) resulting from a radio- 
frequency pulse applied to said radio-frequen- 
cy coil means (13) and reduce a time constant 

so of eddy currents generated in the surface of 

saki gradient magnetic fiekj generating coil 
. .means (12; 12a. 12b. 12c), 

characterized in that said radio-frequency 
55 . shielding body (20, 32, 45) has been fomned by 
evaporating or plating a continuous layer (20B) of a 
conductive material on an insulating base (20A). the 
conductive, material having a thickness less than 
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Wit to p. g where: » is a constant equal to the ratio 
of the circumference of a circle to its diameter, to is 
the Larmor frequency of protons in said static mag - 
netic field. 'g. is the conductivity of said conductive 
material and ^ is the maonetic permeability of said s 
conductive material. . 

A magnetic resonance imaging apparatus accord- 
ing to claim 1, characterized in that said radio-fre- 
quency shielding body (20) is disposed close to the 12. 
radio^requency coll side of said gradient magnetic 
field generating coil means (1 2; 1 2a, 1 2b, 1 2c). 



A magnetic resoharice imaging apparatus accord- 
ing to claim 1 or 2, characterized in that said radio- 
frequency shielding body (20, 32. 45) has a shape 
similar to that of said gradient magnetic field gener- 
ating coll means (1 2; 12a, 12b. 12c). 

A magnetic resonance Imaging apparatus accord- 
ing to claim 1 , 2 or 3. characterized In that said gra- 
dient magnetic field generating coll means (12; 12a, 
12b, 12c) has a cylindrical shape, and said radio- 
frequency shielding body (20) has a cylindrical 
shape. 

A magnetic resonance imaging apparatus accord- 
ing to any of claims 1 to 4, characterized in that said 
Insulating base is an organic fiber. 

A magnetic resonance imaging apparatus accord- 
ing to claim 5. characterized in that said organic fib- 
er is nnade of polyester 



ing to any of claims 1 to 8, characterized in that said 
radio-frequency coil means (13). is a whole-body 
transmit and receive coil which is disposed coaxially 
with said, gradient magnetic field generating coll 
means (12; 12a, 12b, 12c) and a . transmit and/or 
receive coil which is disposed inside said gradient 
rnagnetic field generating coil means (1 2; 1 2a, 1 2b, 
1 2c) with a space between them. 

A magnetic resonance imaging apparatus accord- 
ing to any of claims 1 to 11 , characterized in that 
said static nr^gnettc field generating means (21 ) 
comprises an electromagnet for generating a static 
magnetic field horizontally. 
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13. A magnetic resonance imaging apparatus accord- 
ing I0 any of claims 1 to 11, characterized in that 
said static magnetic field generating means (21) 

. comprises an electromagnet for generating a static 
magnetic fields vertically. 

14. A magnetic resonance imaging apparatus accord- 
ing to any of claims 1 to 11, characterized in that 
said static magnetic field generating means (21) 
comprises a permanent magnet for generating a 
static magnetic field horizontally. 

15. A magnetic resonance Imaging apparatus accord- 
ing to any of claims 1 to 11, characterized In that 
said statto magnetic field generating means (21) 
comprises a pennansnt magnet for generating a 
static magnetic field vertically:. 



A magnetic resonance imaging apparatus accord- 
ing to any of claims 1 to 6. characterized in that said 
thickness of said radio^frequency shielding body 
(20) is about 10 urn.. 



OS Patentanspruche 



MIt Magnetresonanz arbeitendes Bildgabegerat. 

mit 



8. A magnetic resonance imaging apparatus accord- 40 
ing to any of the preceding claims, characterized In 
that said conductive material is copper. 

9. A magnetic resonance imaging apparatus accprd- 
ing.to any of the preceding claims, characterized in 
that said radio-frequency coil means (13) is a 
whole-body transmit and receive coil which is dis- 
posed coaxially with said gradient, magnetic field 
generating coil, means (12; 12a, 12b, 12c). 

so 

10. A magnetic resonance imaging apparatus accord- 
ing to any of claims 1 to 8, characterized in that said 
radio-frequency cofl means (1 3) comprises a trans- 
mit and/or receive coil which is disposed inside said 
gradient magnetic field generating coil means (12; ss 
12a, 12b. 12c) with a space between them. 

11. A magnetic resonance Imaging apparatus accord- 



einer Statilonagnetfelderzeugungseinrichtung 
(21). die zum Erzeugen eines statischen Ma- 
gnetfeids entlang der Richtung einer ersten 
Achse ausgefegt ist, 

einer Qradientenmagnetfeiderzeugungs-Spu- 
leneinrichtung (12; 12a, 12b, 12c) zum Erzeu- 
gen von Gradientenmagnetfeldem entteng der 
Richtung der ersten Achse und der Richtung 
von zwelten unddrltten Achsen. die rechtwintc- 
lig zu der ersten Achse vertauf en, 
einer ' Hochfrequenzspuleneinrichtung (13) 
zum Senden Oder Empfangen von elektroma- 
gnetischen Wellen aus einer Richtung, die sich 
von der Richtung der ersten Achse unterschei- 
det und 

einem Hochfrequenzabschirmlcorper (20, 3i2, 
45), der zwischen der Gradientenmagnetfel- 
derzeugungs-Spuleneinrichtung(12; 12a, 12b, 
12c) und der Hochfrequenzspuleneinrichtung 
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( 1 3) angeordnet ist und eine DIcke entlang der 
Richtungen der zwaiten und der dritten Achea 
besitzt, wobei der Hochlrequenzabschirmkor- 7. 
per (20. 32. 45) derart angeordnet ist, da3 er 
die elektromagnetische Kopplung zwischen 5 
der Gradientenmagnetfeiderzeugungs-Spu- 
leneinrichtung (12; 12a, 12b, 12c) und der 
Hochfrequenzspuleneinrichtung (13), die von 
e^em an die Hochfrequenzspuleneirlriclitung 
(13) angelegten Hochfrequenzimpuls herruhrt, to 
unterbricht und eine Zeitkonstante von Wirbei- 
strdmen verringert, die in der Oberfl§che der 
Gradientenmagnettelderzeugungs-Spulenein- 
richtung (1 2; 1 2a, 1 2b. 1 2c) erzeugt werdenj 

dadurch gekennzeichnet, daB der IHoclifre- 
quenzabschirmkorper (20. 32. 45) durch Aufdamp- 
fen Oder Plattieren einer kontinuierliclien Schrcht 
(208) aus einem leitenden Material auf einer Isolie- 
renden Basis (20A) hergestellt ist, wobei d as leiten^ 20 
de l^terial eine DIcke von weniger als 1A/ic I0 ^ a 
autweist, wobei: n eine Konstante bezeiclinet, die 
gteich dem Verhaltnis zwischen dem Umtang eines 
Kreises und dem Kreisdurchmesser ist, fo die Lar- 
mor-Frequenz von Protonen in dem statisclien Ma- 2S 
gnetfeld bezeiciinet, a die Leitfahigkeit des leiten- 
den Materials bezeichnet und p. die magnetlsche 
Permeabiiitat des leitenden Materials bezeichnet. 

2. MIt Magnetresonanz artseitendes Bildgabeger§t so 
nach Anspruch 1, dadurcii gekennzeichnet, daB 
der Hodifrequenzabschlrmkorper (20) in der Naiie 
der zur Hoclifrequenzspule welsenden Seite der 
Gradientenmagnetfelderzeugungs-Spuleneinrich- 
tung (1 2; 1 2a, 1 2b, 1 2c) angeordnet ist. 3S 

3. Mit Magnetresonanz arbeitendes Bildgabegerat 
nach Anspruch 1 Oder 2, dadurch gekennzeichnet, 
daB der Hochfrequenzabsciiimrikorper (20, 32, 45) 
eine Form besitzt, die ahnlich ist wie diejenige der 40 
Gradlentenmagnetfekierzeugungs-Spuleneinrich- 
tung(12; 12a. 12b. 12g). 

4. Mit Magnetresonanz arbeitendes Bildgabegerat 
nach Anspruch 1 . 2 Oder 3, dadurch gekennzeiciv ^ 
net, daB die Gradientenmagnetfelderzeugungs- 
Spuleneinrichtung (12; 12a, 12b, 1 2c) eine zylindri- 
sche Gestalt besitzt, und daB der Hochf requenzab- 
schirmkorper (20) eine zylindrlsche Gestalt aut- 
weist. so 

5. Mit Magnetresonanz arbeitendes Bildgabegerat 
nach einem der AnsprDche 1 bis 4, dadurch ge- 
kennzeichnet, daB die isolierende Basis eine or- 
ganische Faser ist ss 

6. Mit Magnetresonanz arbeitendes Bildgabegerat 
nach Anspruch 5, dadurch gekennzeichnet, daB 



die organische Faser aus Pol/ester hergestellt ist. 

Mit Magnetresonanz arbeitendes Bildgabegerat 
nach einem der Anspruche 1 bis 6,. dadurch ge- 
kennzeichnet, daB die Dicke des Hochfrequenz- 
abschirmkorpers ungefahr 10 pm betragt. 

Mit Magnetresonanz arbeitendes Bildgabegerat 
nach einem der vorhergehenden Anspruche. da- 
durch gekennzeichnet, daB das leitende Material 
Kupferist. 

9. Mit l\Aagnetresonanz arbeitendes Bikdgabegerat 
nach einem der vorhergehenden AnsprOche, da- 
durch gekennzeiehnetrdaBdIe Hochfrequenzspu- 
leneinrichtung (13) eine Ganzkorper-Sende- und 
Empfangsspule ist, die koaxia! zu der Gradienten- 
magnetfelderzeugunge-Spuieneinrichtung (12; 
1 2a, 12b. 1 2c) angeordnet ist. 

10. MIt Magnetresonanz arbeitendes Bildgabegerat 

nach einem der Anspruche 1 bis 8, dadurch ge- 
kenrueichnet, daB die Hochfrequenzspulenein- 
richtung (1 3) eine Sende- und/oder Empfangsspule 
Ist, die im Inneren der Gradlentenmagnetfelderzeu- 
gungs-Spuleneinrichtung(12; 12a, 12b, 12c) mit ei- 
nem dazwischen befindlichen Raum angeordnet 
ist. 

11. Mit Magnetresonanz arbeitendes Blldgabegerdt 

nach einem der Anspruche 1 bis 8, dadurch ge- 
kennzeichnet, daB die Hochfrequenzspulenein- 
richtung (13) eine Ganzkorper-Sende- und Emp- 
fangsspule ist, die koaxial zu der Gradientenma- 
gnetfelderzeugungs-Spulenelnrichtung (12; 12a, 
12b, 12c) und einer Sende- und/oder Empfangs- 
spule angeordnet Ist, die im Inneren der Gradien- 
tenmagnetfelderzeugungs-SpuIeneinrichtung (12; . 
12a, 12b, 12c) mit einem dazwischen befindlichen 
Raum angeordnet ist. 

12. Mit Magnetresonanz arbeitendes Bildgabegerat 
nach einem der AnsprQche 1 bis 11, dadurch ge- 
kennzeichnet, daB die StatikmagnetfeMerzeu- 
gungseinnchtung (21) einen Elektromagneten zum 
Erzeugen eines statischen Magnetf^Jds in horizon-, 
taler Weise aufweist. 

13. Mit Magnetresonanz arbeitendes Bildgabegerat 
nach einem der AnsprQche 1 bis 11, dadurch ge- 
kennzeichnet, daB die Statikmagnetfelderzeu- 
gungsein richtung (21) einen Elektromagneten zum 
Erzeugen eines statischen Magnetfeids in vertika- 
ler Weise aufweist 

14. MIt Magnetresonariz arbeitendes Bildgabegerat 
nach einem der Anspruche 1 bis 11, dadurch ge- 
kennzeichnet, daB die Statikmagnetfekierzeu- 
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gungseinrichtung (21) einen Permanentmagneten 
zum Erzeugen eines statischen Magnetfelds in ho- 
rizontaler Weise auf weist 

15, Mit Magnetresonanz arbeltendes Bildgabegerat 5 
nach einem der Anspruche 1 bis 11. dadurch ge- 
kennzsichnet, da3 die Statllcmagnetfelderzeu- 
gungseinrichtung (21) einen Permanentmagneten 
zum Erzeugen eines statischen Magnetfelds in ver- 
tikaler Weise aufweist. io 



Revendleatlons 

1. Appareii d'imagerie par resonance magnetique, 
comprenant : 

des moyens de production de champ magneti- 
que statique (21 ), agenc^ de iagan^ produire 
un champ magnetique statique ie long de la di- 20 
rection un premier axe ; 
des moyens d bobinage de production de 
champs magnetiques k gradient (1 2 ; 1 2a, 1 2b, 
12c) pour produire des champs magndtiques ci 
gradient Ie long de la direction dudit premier 
axe et de la direction d'un second et d'un troi- 
si6me axes orthogonaux audit premier axe ; 
des moyens ^ bobinage k radio^r^quences 
(1 3) pour dmettre ou recevoir des ondes diec- 
tromagnetiques depuis une direction autre que 30 
la direction dudit premier axe ; et 
un corps f ormant 4cran k radio-tr^quences (20, 
32, 45) disposd entre lesdits moyens k bobina^ 
ge de production de champs magnetiques k 
gradient (12 ; 12a. 12b, 12c) et lesdits moyens 3S 
k bobinage k radio-frequences (13) et ayant 
une epaisseur Ie long des directions dudit se- 
cond et dudit troisieme axe ; ledrt corps f ormant 
dcran k radio-frdquences (20, 32. 45) etant 
agence pour interrompre un accouplement 40 
eiectronnagnetique entre lesdits. moyens k bo- 
binage de production de champs magridtiques 
k gradient (12; 12a. 12b, 12c) et lesdits 
moyens a bobinage^ radio-frequences (1 3) qui 
resulte d'une impulsion k radio^requences ap- 46 
pliquee auxdits moyens k bobinage k radio-fre- 
quences (13),. et reduire une constante de 
temps des courants de Foucault engendres 
dans la surface desdits moyens^ bobinage de 
production de champs magnetiques k gradient so 
(12; 12a, 12b. 12c), 

caracterise en ce que ledit corps f omiant ecran k 
radio4requences (20, 32, 45) a ete forme en eva- 
porant ou en plaquant une couche continue (20B) ss 
d'un materiau conducteur sur une base isoiante . 
(20A), Ie mater iau con ducteur ayant une epaisseur 
inferieure k l/VacfOjicf, oU : 



ic est une constante egale au rapport d'e la cir-. 

conference d'un cercle et de son diametre, 

fO est la frequence de Larmor des protons dans 

(edit champ magnetique statique, 

a est la conductrvite dudit nnateriau conducteur, 

et 

p. est la pemieabilite magnetique dudit mate- 
riau conducteur. 

2. Appareii d'imagerie k resonance magnetique selori 
la revendication 1 , caracterise en ce que ledit corps 
formant ecran k radio-frequences (20) est dispose 
proche du cdte vers le bobinage k radio-frequences 
desdits moyens k bobinage de production de 
champs magnetiques a gradient (12; 12a, 12b, 
12c). 

3. Appareii d'imagerie a. resonar^ce magnetique selon 
rune ou rautre des revendications 1 et 2, caracte- 
rise en ce que ledit corps formant ecran^ radio-fre- 
quences (20, 32. 45) a une forme sembiable a celle 
desdits moyens k bobinage de production de 
champs magnetiques k gradient (12; 12a, 12d, 
12c). 

4. Appareii d'imagerie par resonance magnetique se- 
lon la revendication 1 , 2 ou 3, caracterise en ce que 
lesdits moyens k bobinage de production de 
champs magnetiques k gradient (12 ; 12a. 12b, 
12c) ont une forme cylindrique, et en ce que ledit 
corps formant ecran k radio-frequences (20) a une 
forme cylindrique. 

5. Appareii d'imagerie par resonance magnetique se- 
lon i'une quelconqtie des revendications 1 k 4. ca- 
racterise en ce que ladite base isoiante est une fibre 
organique. 

6. Apparel! d'imagerie par resonance magnetique se- 
bn la revendication 5, caracterise en ce que ladite 
fibre organique est realises en polyester 

7. Appareii d'imagerie par resonance magnetique se- 
lon Tune quelconque des revendications 1 a 6, ca- 
racterise en ce que ladite epaisseur dudit corps for- 
mant ecran ^ radio-frequences (20) est d'envffrbn 1 0 
microns. 

8. Appareii d'imagerie par resonance magnetique se- . 
Ion I'une quelconque des revendications preceden- 
tes. caracterise en ce que ledit materiau conducteur 
est du cuivre. 

9. Appareii d'imagerie par resonance magnetique se- 
lon I'une quelconque des revendications preceden- 
tes, caracterise en ce que lesdits nrx)yen3 k bobina- 
ge k radio-frequences (13) sont un bobinage k 
corps plein d'emlssion et de reception qui est dis- 
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posd cpaxialement avec lesdits moyens ^ bobinage 
de production de champs magndtiques k gradient 
(12; 12a, 12b, 12c). 

10. Appareil d'innagerie par resonance magn^tique se- 5 
Ion i' Line quelconque des revendications 1 a 8, ca- 
racterise en ce que lesdits moyens a bobinage h 
radio-frequences (13) comprennent un bobinage 
d'^mission et/ou de reception qui est dispos'6 ^ I'in- 
tdrieur desdits moyens k bobinage de production io 
de champs nrtagndtiques k gradient (12 ; 12a, 12b, 
T2c) avec un espace entre eux. 



11. Appareil d'imageria par resonance magn^tique se- 
lon Tune quelconque des revendications 1 k 8, ca- 
racterisd en ce que lesdits moyens k bobinage k 
radio^rdquence (1 3] sont un bobinage k corps plein 
d'^mission et de reception qui est disposd coaxla- 
lement avec lesdits moyens a bobinage de produc- 
tion da champs magndtiques k gradient (1 2 ; 1 2a, 20 
1 2b, 1 2c) et un bobhfiage d'^missbn et/ou de recep- 
tion qui est disposd k Tint^rieur dssdits moyens k 
bobinage de production de.champs magnetiques k 
gradient (12; 12a. 12b, 12c)avec un espace entre 
eux, 2S 

12. Appareil d'imagerie par resonance magnetique se- 
lon Tune quelconque des revendications 1 ^ 11 , ca- 
racterisd en ce que lesdits moyens de production . 
de champ magndtlque statiqua (21) comprennent so 
un electroaimant pour produire un champ magneti- 
que statlque horizontalement. 

13. Appareil d'imagerie par resonance magnetique se- 

lon I'une quelconque des revendications 1 a 1 1 , ca- 3S 
racterise en ce que lesdits moyens de production 
de champ magnetique statique (21) comprennent 
un electroaimant pour produire un champ magneti- 
que statique verticalement. 

40 

14. Appareil d'imagerie par resonance magnetique se- 
lon Tune quelconque des revendications 1^11. ca- 
racterise en ce que lesdits moyens de production 
de champ magnetique statique (21) comprennent 

. un aimant permanent pour produire un champ ma- 4S 
gnetique statique horizontalement. 

15. Appareil d'imagerie par resonance magnetique sa- 
lon i'une quelconque des revendications 1 ^ 11 ; ca- 
racterise err ce que lesdits moyens de production so 
de champ magnetique statique (21) comprennent 

un aimant pemnanent pour produire un champ ma- 
gnetique statiqua verticalement. 
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